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(57) ABSTRACT

A signal processing method includes: converting an analog
signal to a digital signal; converting the digital signal from a
time domain to a frequency domain, the frequency-domain
digital signal including a plurality of sets of data exhibiting a
predetermined order associated with frequencies respectively
corresponding to the data; performing a correlation operation
according to the data and the predetermined order to generate
a forward correlation result; performing the correlation
operation according to the data and a reverse order of the
predetermined order to generate a reverse correlation result;
selectively generating a control signal according to the for-
ward and reverse correlation results; and processing the digi-
tal signal 1n the time domain according to the control signal so
that the data generated in the subsequent step of converting
the digital signal from the time domain to the frequency
domain exhibit the predetermined order or the reverse order.

16 Claims, 9 Drawing Sheets
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SIGNAL PROCESSING METHOD AND
ASSOCIATED DEVICE, AND METHOD FOR

DETERMINING WHETHER SPECTRUM OF
MULTICARRIER SIGNAL IS REVERSED

This application claims the benefit of Taiwan application
Serial No. 102137556, filed Oct. 17, 2013, the subject matter
of which 1s incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates in general to a signal processing
device and associated method, and more particularly to a
signal processing device and associated method capable of
determining whether a spectrum of a multicarrier signal 1s
reversed.

2. Description of the Related Art

FI1G. 1 shows a block diagram of a conventional orthogonal
frequency division multiplexing (OFDM) baseband recetver
for a digital television. The OFDM baseband receiver 10,
suitable for Integrated Services Digital Broadcasting-Terres-
trial (ISDB-T) and Digital Video Broadcasting-Terrestrial
(DVB-T) digital televisions, includes an antenna 103, a tuner
110, an analog-to-digital converter (ADC) 120, an automatic
gain control (AGC) 130, a frequency offset compensation and
spectrum reversion circuit 140, a time-domain processing
circuit 150, a fast Founer transform (FFT) circuit 160, and an
integer carrier frequency ofiset (ICFO) estimation circuit
170. After recerving an RF signal from the antenna 105, the
tuner 110 selects atarget channel from multiple channels, and
down-converts the RF signal of the target channel to an inter-
mediate low frequency signal. The itermediate low 1Ire-
quency analog signal 1s converted by the ADC 120 to a digital
signal that 1s then transmitted to the AGC 130 to adjust a gain
of the signal. The frequency oifset compensation and spec-
trum reversion circuit 140 performs frequency oflset com-
pensation on the digital signal. The time-domain processing,
circuit 150 at the next stage processes the digital signal by
such as a synchronization process, such that a sampling
period of symbols at the signal receiver end may be consistent
with that at the signal transmitter end. The FFT circuit 160
converts the digital signal from time domain to frequency
domain. The ICFO estimation circuit 170 estimates a carrier
frequency oflset of the digital signal. The frequency oifset
compensation and spectrum reversion circuit 140 performs
olffset frequency compensation on the digital signal according
to an estimation result of the ICFO estimation circuit 170.

The ICFO estimation circuit 170 performs a correlation
operation on the digital signal to obtain a plurality of corre-
lation values, according to which the carrier frequency oifset
of the digital signal can be obtained. More specifically, the
carrier frequency ofiset includes an integer carrier frequency
offset (ICFO) and a fractional carrier frequency offset
(FCFQ), and the correlation values may be turther catego-
rized ito ICFO correlation values and FCFO correlation
values. FIG. 2 shows a relationship diagram between an ICFO
correlation value and an ICFO correlation index. As seen 1n
FIG. 2, the ICFO correlation value appears as an extremely
large value (or a maximum value) at a position where the
ICFO correlation index 1s R[0]; the ICFO correlation values
corresponding to the neighboring ICFO correlation indices
are similar, and are quite different from the ICFO correlation
value corresponding to the correlation index R[0] in compari-
son. The frequency corresponding to the ICFO correlation
index R[0] may indicate a frequency oifset, e.g., 6000 Hz, and
the frequency olffset compensation and spectrum reversion
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circuit 140 in FIG. 1 then compensates the frequency offset of
the digital signal according to the indicated frequency offset.
FIG. 3 shows a spectrum diagram of a symbol of a signal
based on OFDM modulation. In this example, 1t 1s assumed
that one symbol mcludes 8192 subcarriers. In FIG. 3, the
upper part shows a common spectrum (or referred to as a
forward spectrum), and the lower part shows a reversed spec-
trum. The reversed spectrum and the forward spectrum are
left-right reversed, also known as laterally reversed. That 1s, a
subcarrier originally having a subcarrier number 1 1n the
torward spectrum appears as a subcarrier (having a subcarrier
number 8192) at the end of the reversed spectrum, a subcar-
rier originally located at the end of the forward spectrum
appears at the position of the subcarrier having the subcarrier
number 1 1n the reversed spectrum, and other subcarriers also
appear as laterally reversed regarding the spectrum as the
center. The forward spectrum and the reversed spectrum
together exhibit a characteristic—{tor any of the subcarriers, a
sum of the subcarrier numbers in the forward spectrum and 1n
the reverse spectrum 1s a constant value. For example, the
circled spectrum components in the forward spectrum and the
reversed spectrum have numbers that add up to a sum of 8193.
One reason causing the reversed spectrum 1s due to differ-
ent spectrum processing methods at the RF signal transmaitter
end and at the tuner 110. For example, the transmitter end
transmits signals by a reversed spectrum, whereas the tuner
110 processes the RF signal by a processing method for a
forward spectrum, hence a reversed spectrum; and vice versa.
If the ICFO estimation circuit 170 operates based on an
reversed spectrum, a correlation result generated 1s similar to
the relationship diagram in FIG. 2. That 1s, although a maxi-
mum [ICFO correlation value 1s obtained, this maximum
ICFO correlation value 1s still smaller than the maximum
ICFO correlation value 1n the forward spectrum and does not
correspond to frequency of a correct carrier frequency offset.
Regarding the correct carrier frequency oilset, assume that
alter another correlation operation performed by the fre-
quency oifset compensation and spectrum reversion circuit
140, the ICFO correlation value obtained indicates that the
carrier frequency offset 1s 0. That 1s, when the ICFO correla-
tion value obtained from again performing the correlation
operation i1ndicates that the carnier frequency offset 1s 0O, 1t
means that the OFDM baseband receiver 10 processes the
correct spectrum. Conversely, regarding an incorrect carrier
frequency offset, assume that after another correlation opera-
tion performed by the frequency offset compensation and
spectrum reversion circuit 140, the ICFO correlation value
obtained 1ndicates that the carrier frequency offset 1s not 0.
That 1s, when the ICFO correlation value obtained from again
performing the correlation operation indicates that the carrier
frequency oflset 1s not O, 1t means that the OFDM baseband
receiver 10 may have processed a reversed spectrum by a
processing method for a forward spectrum. When the ICFO
estimation circuit 170 discovers that the spectrum 1s reversed.,
a control signal 1s sent to the frequency offset compensation
and spectrum reversion circuit 140 to control the frequency
offset compensation and spectrum reversion circuit 140 to
process the digital signal in the time domain, such that the
processed digital signal, after undergoing the FFT circuit 160,
displays a forward spectrum in the frequency domain. The
processes ol the frequency offset compensation and spectrum
reversion circuit 140 include swapping the imaginary part and
the real part (IQ) swap) or obtaining the complex conjugate of
the digital signal. The processed result 1s further processed by
FF'T to obtain the reversed spectrum.
When the OFDM baseband receiver 10 processes a for-
ward spectrum, the ICFO estimation circuit 170 at least needs
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to perform two correlation operations (one for obtaining the
carrier frequency offset, and the other for confirming that the

compensated carrier frequency oifset 1s 0) to complete the
frequency oflset compensation. Further, when the OFDM
baseband receirver 10 processes a reversed spectrum, the
ICFO estimation circuit 170 needs to perform four correlation
operations (two for an reversed spectrum and two for a for-
ward spectrum) to complete the frequency offset compensa-
tion. As a result, overall efficiency 1s severely degraded when
the OFDM baseband receiver 10 encounters a reversed spec-
trum.

SUMMARY OF THE INVENTION

The mvention 1s directed to a signal processing device and
a signal processing method capable of quickly determining
whether a spectrum of a multicarrier signal 1n a frequency
domain 1s reversed.

The present invention discloses a signal processing device.
The signal processing device includes: an analog-to-digital
converter (ADC) conﬁgured to convert an analog signal to a
digital 51gna a conversion circuit, configured to convert the
digital signal from a time domain to a frequency domain, the
digital signal converted to the frequency domain 1including a
plurality of sets of data exhibiting a predetermined order,
wherein the predetermined order 1s associated with frequen-
cies respectively corresponding to the data; a calculation cir-
cuit, coupled to the conversion circuit, configured to perform
a correlation operation according to the data and the prede-
termined order to obtain a forward correlation result, to per-
form the correlation operation according to the data and a
reverse order of the predetermined order to generate a reverse
correlation result, and to selectively generate a control signal
according to the forward correlation result and the reverse
correlation result; and a data processing circuit, coupled
between the ADC and the converting circuit, configured to
process the digital signal 1n the time domain according to the
control signal, so that the data subsequently generated by the
conversion circuit exhibits one of the predetermined order
and the reverse order.

The present invention further discloses a signal processing,
method. The signal processing method includes: converting
an analog signal to a digital signal; converting the digital
signal from a time domain to a frequency domain, the digital
signal converted to the frequency domain including a plural-
ity of sets of data exhibiting a predetermined order, wherein
the predetermined order 1s associated with frequencies
respectively corresponding to the data; performing a correla-
tion operation according to the data and the predetermined
order to generate a forward correlation result; performing the
correlation operation according to the data and a reverse order
of the predetermined order to generate a reverse correlation
result; selectively generating a control signal according to the
forward correlation result and the reverse correlation result;
and processing the digital signal in the time domain according
to the control signal, so that the data generated 1n the subse-
quent step of converting the digital signal from the time
domain to the frequency domain exhibit one of the predeter-
mined order and the reverse order.

The present invention further discloses a method for deter-
mimng whether a spectrum of a multicarrier signal 1s
reversed. The multicarrier signal includes a plurality of sets of
data exhibiting a predetermined order, wherein the predeter-
mined order 1s associated with frequencies respectively cor-
responding to the data. The method includes: performing a
correlation operation according to the data and the predeter-
mined order to generate a forward correlation result; perform-
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ing the correlation operation according to the data and a
reverse order of the predetermined order to generate a reverse
correlation result; and determining whether the spectrum of
the multicarrier signal 1s reversed according to the forward
correlation result and the reverse correlation result.

The signal processing device and method are capable of
quickly determiming whether a spectrum of a multicarrier
signal 1s reversed by performing two correlation operations
on the signal 1n the frequency domain—one to obtain associ-
ated values according to a predetermined number order of
subcarriers, and the other to obtain associated values accord-
ing to a reverse order of the predetermined number order of
the subcarriers. An ICFO correlation value 1s then obtained.
According to the results of the two correlation operations,
whether the spectrum of the signal 1s reversed and the carrier
frequency oflset of the signal can be learned at the same time,
and so spectrum reversion and carrier frequency offset com-
pensation can be simultaneously performed. Compared to the
prior art, the present invention only requires two correlation
operations to learn both whether the spectrum of the signal 1s
reversed and the carner frequency oifset of the signal. In
contrast, in the prior art, the same result can only be obtained
by respectively performing two correlation operations on the
forward and reverse spectra. Further, the two correlation
operations of the present invention are performed according
to the same data, whereas the two consecutive correlation
operations 1n the prior art are performed based on different
data. Further, 1n the prior art, between the two consecutive
correlation operations, calculations for carrier frequency ofl-
set compensation and FFT need to be carried out, resulting 1n
a time-consuming and ineflicient determination procedure.
Therefore, the present invention enhances signal processing
elficiency, and more quickly learns both whether the spec-
trum of the signal 1s reversed and the carrier frequency offset
of the signal.

The above and other aspects of the invention will become
better understood with regard to the following detailed
description of the preferred but non-limiting embodiments.
The following description 1s made with reference to the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram of a conventional OFDM base-
band recetver applied to a digital television;

FIG. 2 1s a relationship diagram between an ICFO corre-
lation value and an ICFO correlation index;

FIG. 3 1s a spectrum diagram of a symbol of a signal based

on OFDM modulation;
FIG. 4 1s a block diagram of an OFDM baseband receiver

for a digital television according to an embodiment of the
present invention;

FIG. § 1s a schematic diagram of relations of a symbol and
subcarriers ol a DVB-T digital television signal;

FIG. 6 1s a relationship diagram between an ICFO corre-
lation value and an ICFO correlation index of a forward
spectrum and an reversed spectrum;

FIG. 7 1s a schematic diagram of a spectrum of a symbol
with a forward number order and a reverse number order
according to an embodiment of the present invention;

FIG. 8 1s a relationship diagram between an ICFO corre-
lation value and an ICFO correlation index when a digital
signal does not carry any data; and

FIG. 9 1s a flowchart of a signal processing method accord-

ing to an embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

Technical terms of the application are based on the general
definition in the technical field of the application. If the appli-
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cation describes or explains one or some terms, definitions of
the terms are based on the description or explanation of the
application.

The present invention discloses a signal processing device
and associated method and a method for determining whether
a spectrum of a multicarrier signal 1s reversed. The device and
method are applicable to a multicarrier signal. In possible
implementation, one skilled person in the art may choose
equivalent elements or steps to implement the disclosure
based on the disclosure of the application. That 1s, the imple-
mentation o the disclosure 1s not limited by the embodiments
disclosed 1n the disclosure. Further, the signal processing
method of the disclosure may be implemented by the signal
processing device of the disclosure or an equivalent device.
Without affecting the full disclosure and possible implemen-
tation of the method of the disclosure, the description of the
method focuses on the steps of the method nstead of hard-
ware.

FIG. 4 shows a block diagram of an OFDM baseband
receiver for a digital television according to an embodiment
ol the present invention. Compared to the OFDM baseband
receiver 10, the OFDM baseband receiver 40 replaces the
original ICFO estimation circuit 170 by an ICFO estimation
and spectrum reversion detection circuit 410. Details of other
clements having the same functions are omitted herein.
Operation principles of the ICFO estimation and spectrum
reversion detection circuit 410 are summarized below. A cor-
relation operation 1s first performed according to a forward
order of numbers of subcarriers of a spectrum of a symbol to
obtain a correlation result corresponding to the forward order,
and the correlation operation 1s performed according to a
reverse order of the numbers of the subcarriers of the spec-
trum of the symbol to obtain a correlation result correspond-
ing to the reverse order. Next, the correlation result corre-
sponding to the forward order and the correlation result
corresponding to the reverse order are compared to determine
whether the spectrum is reversed. Details of the operations are
given as follows.

Taking a DVB-T television signal for example, 1n a symbol
of the television signal, certain fixed subcarriers are provided
with pilot signals for identification purposes. FIG. 5 shows a
schematic diagram of relations of a symbol and subcarriers of
a DVB-T digital television signal. In one symbol, subcarriers
with frequencies 1, 1, and I, carry continual pilot (CP) signals
(represented by o), other subcarriers carry data signals (rep-
resented by X) and scattered pilot (SP) signals (represented
by A). The CP signals have constant values and higher energy
levels, and such characteristics are utilized by the ICFO esti-
mation and spectrum reversion detection circuit 410 to cal-
culate the ICFO correlation value of the digital signal to
turther determine whether the spectrum 1s reversed and the
carrier frequency offset. Assume that R, , and R,,_, , respec-
tively represent outputs of the FFT circuit 160 at a k™ subcar-
rier of n” and (n-1)" symbols, D,, , and D,,_, , respectively
represent data of the digital signal at the n”* and (n-1)"
symbols, and H,, , and H,,_, ; respectively represent a channel
gain of the k™ subcarrier of n”” and (n-1)"” symbols. Thus:

R, =IH, "D, -/ Omk equation (1)

R*,  =IH,  4"\D,,_; ;l-&/ 1k equation (2)

Assuming that channel effects on the carriers change
extremely slowly and the CP signals transmit constant values,
the correlation product R,, ,'R*, _; ; may be represented as:

R, R¥, | = H |1 Dy -7V CE equation (3)
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Inequation (3), Al -, 1s a frequency difference between two
consecutive symbols. Thus, the ICFO correlation value may
be represented as

abs Z R 'R:;—l,k]ﬂ

=P

where k represents the subcarrier carrying the CP signals,
e.g., the subcarriers with frequencies 1, 1, and f, in FIG. 5. It
should be noted that FIG. 5 1s for illustrative purposes, and
which subcarriers 1 fact carry the CP signal 1s defined
according to the modulation method of the digital signal.

Again referring to FIG. 3, in the forward spectrum at the
upper part of the diagram, frequency components having
higher energy levels very likely correspond to subcarriers of
CP signals as CP signals have higher energy levels. There-
fore, by selecting a correlation product corresponding to the
subcarriers with numbers 2, 7 . . . 8187 and 8192 when
calculating the ICFO correlation value, an extremely large
ICFO correlation value 1s obtained. However, 1n the event of
a reversed spectrum, when the correlation product corre-
sponding to the same subcarrier numbers (2, 7 . . . 8187 and
8192), the selected subcarrier numbers do not correspond to
CP signals due to the reversed spectrum, and so the ICFO
correlation value obtained 1s an apparent extremely large
value. FIG. 6 shows a relationship diagram between an ICFO
correlation value and an ICFO correlation index of a forward
spectrum and a reversed spectrum. Referring to FIG. 6, solid-
line arrows represent results of calculating ICFO correlation
values based on a forward spectrum, and dotted-line arrows
represent results of calculating ICFO correlation values based
on a reversed spectrum. A maximum value of the ICFO cor-
relation values corresponding to the reversed spectrum 1s
smaller than a maximum value of the ICFO correlation values
corresponding to the forward spectrum. Thus, the maximum
value of the ICFO correlation values may be utilized to deter-
mine whether the spectrum of the digital signal currently
processed by the OFDM baseband recerver 40 1s forward or
reversed.

For a reversed spectrum, the ICFO estimation and spec-
trum reversion detection circuit 410 of the present invention
may obtain a correlation result corresponding to a forward
spectrum through adjusting the selection method of correla-
tion product in a reversed spectrum. FIG. 7 shows a schematic
diagram of a spectrum of a symbol with a forward number
order and a reverse number order according to an embodi-
ment of the present mnvention. The reversed spectrum at the
lower part of FIG. 3 1s re-depicted at the upper part of FIG. 7,
with a number order of the subcarriers as indicated by the
arrow A. Regarding the number order of the subcarriers
shown at the lower part of FIG. 7, an original end point of the
subcarriers 1s now utilized as the start point, and an original
start point of the subcarriers 1s now utilized as the end point,
as the direction indicated by the arrow B. For a reversed
spectrum, the ICFO estimation and spectrum reversion detec-
tion circuit 410 only needs to change the method for number-
ing the subcarriers from the original numbering direction A to
the numbering direction B. Thus, when selecting the correla-
tion product corresponding to the same subcarrier numbers,
the ICFO estimation and spectrum reversion detection circuit
410 shall select the correlation product corresponding to the
CP signals, and the ICFO correlation value accordingly cal-
culated will indicate the correct carrier frequency oflset.

In conclusion, for the ICFO estimation and spectrum rever-
s1on detection circuit 410, two ICFO correlation operations
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are performed on the spectrum outputted from the FFT circuit
160. In one of the ICFO correlation operations, an appropriate
correlation product 1s selected according to an increasing
order of the frequencies corresponding to the subcarrier num-
bers of the spectrum to obtain a forward ICFO correlation
result, and the ICFO estimation and spectrum reversion
detection circuit 410 records a maximum value of the corre-
lation result and the corresponding carrier frequency ofiset by
utilizing an internal storage unit (e.g., a memory or a butfer,
not shown). In the other ICFO correlation operation, an
appropriate correlation product is selected according to a
decreasing order of the frequencies corresponding to the sub-
carrier numbers of the spectrum (1.e., a reverse order of the
previous operation) to obtain a reverse ICFO correlation
result. Having obtained the forward and reverse results, the
ICFO estimation and spectrum reversion detection circuit 410
utilizes a comparing unit (not shown) to compare the maxi-
mum correlation value of the forward result and the maxi-
mum correlation value of the reverse result, sends the value of
the carrier frequency offset corresponding to the larger of the
maximum correlation values to the frequency offset compen-
sation and spectrum reversion circuit 140, and 1nstructs the
frequency oflset compensation and spectrum reversion cir-
cuit 140 whether to perform spectrum reversion on the digital
signal. For example, when the maximum correlation value of
the reverse result 1s larger than the maximum correlation
value of the forward result, it means that the spectrum 1s
reversed. Thus, the control signal that the ICFO estimation
and spectrum reversion detection circuit 410 sends to the
frequency oflset compensation and spectrum reversion cir-
cuit 140 includes the value of the carrier frequency offset and
the instruction of performing spectrum reversion. Con-
versely, when the maximum correlation value of the forward
result 1s larger than the maximum correlation value of the
reverse result, 1t means that the spectrum is correct. Thus, the
control signal that the ICFO estimation and spectrum rever-
s1on detection circuit 410 sends to the frequency offset com-
pensation and spectrum reversion circuit 140 includes the
value of the carrier frequency oilfset and the instruction of
maintaining the spectrum, 1.e., spectrum reversion need not
be performed. The frequency oflset compensation and spec-
trum reversion circuit 140 then performs operations of fre-
quency oifset compensation and/or spectrum reversion on the
digital signal according to the control signal. Details of the
spectrum reversion are previously disclosed and shall be
omitted herein.

In another situation where the digital signal does not carry
any data, e.g., when a television channel does not transmit any
television program signals, the ICFO correlation value gen-
erated by the ICFO estimation and spectrum reversion detec-
tion circuit 410 1s as shown 1n FIG. 8. FIG. 8 shows a rela-
tionship diagram between an ICFO correlation value and an
ICFO correlation index when a digital signal does not carry
any data. As observed from FIG. 8, the relationship diagram
does not contain any extremely large correlation values, and
all of the correlation values are contrarily quite small and
quite similar. Thus, when the ICFO estimation and spectrum
detection circuit 410 compares the forward result and the
reverse result, if no extremely large values are present 1n the
two or extremely large values that however do not exceed a
predetermined threshold are identified from the two, the
ICFO estimation and spectrum reversion detection circuit 410
may determine that the digital signal does not carry any data.
At this point, no control signal needs to be generated. When
the OFDM baseband receiver 40 1s applied at arecerver end of
a television to perform channel scanning, such characteristic
helps accelerating the speed of channel scanning. One reason
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accounting for the accelerated scanning speed 1s that, belore
the frequency oflset compensation and spectrum reversion
circuit 140 performs the processes of spectrum reversion and
carrier frequency offset compensation, the ICFO estimation
and spectrum reversion detection circuit 410 already learns
whether the television channel transmits any program signals,
and the OFDM baseband receiver 40 instantly interrupts the
process of the current channel 11 1t 1s discovered that the
television channel does not transmit any program signals, and
then immediately scans for a next channel. In contrast, to
determine whether the digital signal carries data, a conven-
tional solution needs to perform at least one spectrum rever-
s1on operation and carrier frequency offset compensation.

It should be noted that, in the process of ICFO correlation
operation performed by the ICFO estimation and spectrum
reversion detection circuit 410, the FFT circuit 160 only
needs to store two consecutive OFDM symbols, e.g., t, and t,
shown 1n FIG. 5, instead of storing one set (e.g., t; and t,) for
calculating the forward result and storing another set (e.g., t,
and t;) for calculating the reverse result, and the forward and
reverse ICFO correlation results can be calculated. Thus,
apart from saving the storage space of the FFT circuit 160, the
calculation and determination of the ICFO estimation and
spectrum reversion circuit 410 may be faster and more real-
time.

FIG. 9 shows a tlowchart of a signal processing method
according to an embodiment of the present invention. In
addition to the foregoing signal processing device, the present
invention correspondingly discloses a signal processing
method capable of determining whether a spectrum of a sig-
nal 1s reversed. The method can be performed by the signal
processing device 40 or an equivalent device. Referring to
FIG. 9, the method according to an embodiment includes the
following steps.

In step S910, an analog signal 1s converted to a digital
signal. The signal processing method of the present invention
may process a multicarrier analog signal, which may be a
television signal modulated by OFDM modulation, e.g., a
DVB-T or ISDB-T television signal.

In step 5920, the digital signal 1s converted from time
domain to frequency domain. The digital signal includes a
plurality of sets of data, which exhibit a predetermined order
according to frequencies respectively corresponding to the
data. The digital signal 1s converted to frequency domain for
subsequent operations by FF'T. As the digital signal includes
multiple subcarriers, each symbol of the digital signal
includes a plurality of sets of data. As shownin FIG. 7, the sets
of data correspond to frequencies of respective subcarriers,
and exhibit an order associated with the frequencies 1n fre-
quency domain. If a predetermined order 1s based on the
frequencies 1n an increasing order, the arrow A 1n FIG. 7
represents the predetermined order.

In step S930, a correlation operation 1s performed accord-
ing to the predetermined order to generate a forward correla-
tion result. As previously described, a DVB-T signal sends CP
signals at fixed subcarriers, and the values sent by the CP
signals are constant and the CP signals have higher energy
levels. In this step, a plurality of correlation products are first
obtained by calculating the data, and, according to the defi-
nition of the CP signals based on the DVB-T specification, the
correlation product corresponding to the CP signals 1is
selected from the correlation products according to the pre-
determined order. Taking FIG. 7 for example, for the subcar-
rier numbers 1n the direction A, the correlation product cor-
responding to the subcarrier numbers 2, 7 ... 8187 and 8192
1s selected for correlation operation to obtain a forward cor-
relation result.
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In step S940, the correlation operation 1s performed on the
data according to a reverse order of the predetermined order to
generate a reverse correlation result. Similar to step S930, the
correlation product corresponding to the CP signals 1s
selected according to the order of the subcarrier numbers 1n
the direction B. That 1s, same as step S930, the correlation
product of the subcarrier numbers 2, 7 . . . 8187, 8192 1s
selected for correlation operation to obtain a reverse correla-
tion result.

In step S9350, a control signal 1s selectively generated
according to the forward correlation result and the reverse
correlation result. When the digital signal 1s a signal carrying
data instead of noise, an apparent extremely large correlation
value (or referred to as a maximum correlation value) will
occur 1n at least one of the forward correlation result and the
reverse correlation result, as shown in FIG. 2. However, when
the digital signal 1s noise instead of carrying data, no maxi-
mum value will occur 1n either the forward correlation result
or the reverse correlation result, as shown 1n FI1G. 8. Further,
when the correlation product selected 1n step S930 or S940
corresponds to CP signals, due to higher energy levels of the
CP signals and the regularity 1n values of the CP signals, a
larger maximum value will appear 1n one of the forward
correlation result and the reverse correlation result, as shown
in FIG. 6. When the maximum correlation value of the for-
ward correlation result 1s larger than the maximum value of
the reverse correlation value, 1t means that the spectrum of the
digital signal 1s correct and subsequent operations can be
performed without spectrum reversion, or else 1t means that
the spectrum of the digital signal 1s reversed and subsequent
operations can only be performed after performing spectrum
reversion. Therefore, the control signal 1s for controlling
whether to perform the spectrum reversion. On the other
hand, when no maximum value can be 1dentified from either
of the forward correlation result and the reverse correlation
result or the maximum value does not exceed a predetermined
threshold, it means that the digital signal 1s no1se, and so there
1s no need to generate a control signal that indicates whether
to perform the operation of spectrum reversion.

In step S960, the digital signal 1n time domain 1s processed
according to the control signal, so that the data generated 1n
step S920 exhibit the predetermined order or the reverse order
of the predetermined order. When the control signal gener-
ated 1n step S950 indicates that the operation of spectrum
reversion needs to be performed, the digital signal 1n fre-
quency domain 1s processed such that the spectrum of the
processed digital signal having undergone FFT 1s reversed
from the original spectrum. That 1s to say, after being pro-
cessed, the data generated 1n step S920 exhibit an order that 1s
reversed to the predetermined order of the non-processed
data. The above process may include swapping the real part
and the 1imaginary part or obtaining a conjugate complex of
the digital signal 1n a complex form. When the control signal
indicates that the current spectrum 1s correct and the opera-
tion of spectrum reversion 1s not required, no particular pro-
cess needs to be performed on the digital signal 1n time
domain, and so the original predetermined order of the data
generated 1 step S920 1s maintained.

In step S970, a frequency olfset compensation signal 1s
generated according to the forward correlation result and the
reverse correlation result. The correlation result further
includes information of the carrier frequency offset, 1.¢., the
frequency corresponding to the maximum correlation value
in the correlation result. As described 1n step S950, the cor-
relation result having the larger maximum correlation value 1s
the correct correlation result. For example, when the maxi-
mum correlation value of the forward correlation result 1s
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larger than the maximum correlation value of the reverse
correlation result, this step generates a frequency oflfset com-
pensation signal according to the frequency corresponding to
the maximum correlation value of the forward correlation
result.

In step S980, the carner frequency oifset of the digital
signal 1s compensated according to the carrier frequency ofl-
set compensation signal. The offset value of the frequency
offset 1s obtained in step S970, and i1s used in this step to
compensate the carrier frequency offset of the digital signal.

It should be noted that, a digital signal including CP signals
1s taken as an example 1n the description of the device and
method, e.g., a digital signal compliant to the DVB-T stan-
dard or the ISDB-T differential mode standard. For the
ISDB-T standard, there 1s a characteristic signal that can be
simultaneously utilized by the differential mode and the
coherent mode. System information of a particular ISDB-T
subcarrier 1s referred to as transmission and multiplexing
configuration control (TMCC) information, which 1s also
identifiable system information compliant to certain rules.
Therefore, the present nvention 1s at least applicable to
DVB-T or ISDB-T signals, or even applicable to multicarrier
signals that are compliant to certain rules and have i1dentifi-
able system information.

One person skilled 1n the art can understand details and
possible implementation variations of the method i FIG. 9
according to the disclosure of the device in FIG. 4. Without
affecting the full disclosure and possible implementation,
such repeated description 1s omitted herein. In possible
implementation, one skilled person 1n the art would selec-
tively implement part or all technical features of any embodi-
ment of the application or selectively combine part or all
technical features of the embodiments of the application
based on the disclosure of the present invention to enhance the
implementation flexibility of the present invention. Further,
although a DVB-T signal is taken as an example in the fore-
going embodiments, based on the disclosure of the present
invention, one person skilled 1in the art may appropnately
apply the present invention to other types of multicarrier
signals.

While the invention has been described by way of example
and 1n terms of the preferred embodiments, 1t 1s to be under-
stood that the invention 1s not limited thereto. On the contrary,
it 1s intended to cover various modifications and similar
arrangements and procedures, and the scope of the appended
claims therefore should be accorded the broadest interpreta-
tion so as to encompass all such modifications and similar
arrangements and procedures.

What 1s claimed 1s:

1. A signal processing device, comprising:

an analog-to-digital converter (ADC), configured to con-
vert an analog signal to a digital signal;

a conversion circuit, configured to convert the digital signal
from time domain to frequency domain, the digital sig-
nal converted to frequency domain comprising a plural-
ity of sets of data exhibiting a predetermined order,
wherein the predetermined order 1s associated with Ire-
quencies respectively corresponding to the plurality of
sets of data;

a calculation circuit, coupled to the conversion circuit,
coniigured to perform a correlation operation according
to the data and the predetermined order to generate a
forward correlation result, to perform the correlation
operation according to the data and a reverse order of the
predetermined order to generate a reverse correlation
result, and to selectively generate a control signal
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according to the forward correlation result and the
reverse correlation result; and

a data processing circuit, coupled between the ADC and the
conversion circuit, configured to process the digital sig-
nal 1n time domain according to the control signal so that
the data subsequently generated by the conversion cir-
cuit exhibits one of the predetermined order and the
reverse order.

2. The signal processing device according to claim 1,

wherein the calculation circuit comprises:

a storage unit, configured to store a forward maximum
correlation value of the forward correlation result and a
reverse maximum correlation value of the reverse cor-
relation result; and

a comparing unit, coupled to the storage unit, configured to
compare the forward maximum correlation value and
the reverse maximum correlation value and to generate
the control signal according to a comparison result.

3. The signal processing device according to claim 1,
wherein when a forward maximum correlation value of the
forward correlation result and a reverse maximum correlation
value of the reverse correlation result are not greater than a
predetermined value, the calculation circuit does not generate
the control signal.

4. The signal processing device according to claim 1,
wherein the calculation circuit further generates a compensa-
tion signal according to the forward correlation result and the
reverse correlation result, and the data processing circuit
compensates a carrier frequency offset of the digital signal
according to the compensation signal.

5. The signal processing device according to claim 4,
wherein the calculation circuit generates the compensation
signal according to one of a forward maximum correlation
value of the forward correlation result and a reverse maxi-
mum correlation value of the reverse correlation result, and
the compensation signal indicates a frequency corresponding,
to one of the forward maximum correlation value and the
reverse maximum correlation value.

6. The signal processing device according to claim 1,
wherein the analog signal 1s a multicarrier signal.

7. The signal processing device according to claim 6,
wherein the calculation circuit calculates the forward corre-
lation result and the reverse calculation result according to
subcarriers corresponding to continual pilot (CP) signals 1n
the multicarrier signal.

8. The signal processing device according to claim 6,
wherein the calculation circuit calculates the forward corre-
lation result and the reverse calculation result according to
subcarriers corresponding to transmission and multiplexing
configuration control (ITMCC) information 1n the multicar-
rier signal.

9. A signal processing method, comprising:

converting an analog signal to a digital signal;

converting the digital signal from time domain to fre-
quency domain, the digital signal converted to frequency
domain comprising a plurality of sets of data exhibiting
a predetermined order, wherein the predetermined order
1s associated with frequencies respectively correspond-
ing to the plurality of sets of data;

performing a correlation operation according to the data
and the predetermined order to generate a forward cor-
relation result;
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performing the correlation operation according to the data
and a reverse order of the predetermined order to gener-
ate a reverse correlation result;

selectively generating a control signal according to the
forward correlation result and the reverse correlation
result; and

processing the digital signal in time domain according to
the control signal so that the data generated in the sub-
sequent step of converting the digital signal from time
domain to frequency domain exhibits one of the prede-
termined order and the reverse order.

10. The signal processing method according to claim 9,

wherein the forward correlation result comprises a forward
maximum correlation value and the reverse correlation result

comprises a reverse maximum correlation value, and the step
of generating the control signal according to the forward
correlation result and the reverse result comprises:
comparing the forward maximum correlation value and the
reverse maximum correlation value, and generating the
control signal according to a comparison result.

11. The signal processing method according to claim 9,
wherein the step of selectively generating the control signal
according to the forward correlation result and the reverse
correlation result comprises:

when a forward maximum correlation value of the forward

correlation result and a reverse maximum correlation
value of the reverse correlation result are not greater than
a predetermined value, not generating the control signal.

12. The signal processing method according to claim 9,
further comprising:

generating a compensation signal according to the forward

correlation result and the reverse correlation result; and
compensating a carrier frequency oflset of the digital sig-
nal according to the compensation signal.

13. The signal processing method according to claim 12,
wherein the step of generating the compensation signal
according to the forward correlation result and the reverse
correlation result generates the compensation signal accord-
ing to one of a forward maximum correlation value of the
torward correlation result and a reverse maximum correlation
value of the reverse correlation result, and the compensation
signal indicates a frequency corresponding to one of the for-
ward maximum correlation value and the reverse maximum
correlation value.

14. The signal processing method according to claim 9,
wherein the analog signal 1s a multicarrier signal.

15. The signal processing method according to claim 14,
wherein the step of generating the forward correlation result
and the step of generating the reverse correlation result com-
prise:

calculating the forward correlation result and the reverse

correlation result according to subcarriers correspond-
ing to continual pilot (CP) signals in the multicarrier
signal.

16. The signal processing method according to claim 14,
wherein the step of generating the forward correlation result
and the step of generating the reverse correlation result com-
prise:

calculating the forward correlation result and the reverse

correlation result according to subcarriers correspond-
ing to transmission and multiplexing configuration con-
trol (TMCC) information 1n the multicarrier signal.
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